Harborview Medical Center serves as the sole adult and pediatric level I trauma center for Washington State, and its faculty have led efforts to develop comprehensive systems of trauma care across the country. The Washington State trauma system is an inclusive system that was developed based on data-driven decisions to distribute resources based on population need. This article seeks to explore the history of Harborview Medical Center and the development of the Washington State trauma system to identify the guiding principles and lessons learned, which can facilitate system development for a host of time-sensitive medical conditions.
pediatric trauma populations. Harborview faculty are also recognized as leaders in trauma and burn research and participate in multiple national clinical trials networks to advance the care of the injured patient.
The Washington State trauma system is an inclusive system, which was thoughtfully designed to distribute trauma centers based on population need and ensure access to trauma care even in the most rural areas of the state. This article seeks to explore the history of Harborview Medical Center and the development of the Washington State trauma system to identify the guiding principles and lessons learned, which can facilitate system development for a host of time-sensitive medical conditions.
HIstory of HArborvIew MedIcAl center
The territory of Washington became an organized, incorporated territory of the USA in 1853 and its legislature first met in 1854. One of their first rulings was to make counties responsible for caring for all 'poor, sick, and homeless people whose relatives could not support them'. In 1877, King County opened a county 'poor farm' just south of Seattle to meet this need. Harborview Medical Center began as King County Hospital, which was a six-bed facility operating within the 'poor farm', and patients were cared for by nuns from the Sisters of Charity of the House of Providence. In 1894, a new 125-bed county hospital was commissioned for $80 000 and was located in Seattle's Georgetown neighborhood. A new wing was added in 1908 expanding to 225 beds. In 1928 there was a ballot measure to construct a 500-bed hospital for care of the 'indigent sick, injured, and maternity cases', and $2.75 million was allocated to construct the new hospital on First Hill in Seattle, which is the site of the facility today. The Seattle Times held a contest to name the new hospital and the award went to the name 'Harborview' due to the location on a hill overlooking Puget Sound and the Seattle waterfront. 1 Harborview was home to one of the first nursing schools in the region opened by the University of Washington in 1931. Nursing students lived on campus in a building across the street from the hospital. In the mid-1940s, Harborview was the primary facility for treatment of patients suffering from the polio epidemic, and the first blood bank in King County was established at Harborview. In 1946, the University of Washington School of Medicine was established and the first chair of surgery, Dr Henry N Harkins, was based at Harborview until construction of the new University Hospital was completed in 1959. In 1956, the first open Open Access heart surgery on the West coast was performed at Harborview by Alvin K Merendino, MD. 1 In 1967, the University of Washington entered a formal agreement with King County to take over clinical management of Harborview, and all physicians were recognized as academic faculty of the University of Washington. In 1969, the Seattle Medic One program was founded by Dr Leonard Cobb, a Harborview cardiologist, and Seattle Fire Chief Gordon F Vickery. As detailed below, this pilot program became one of the most successful paramedic training programs in the country, and although the initial focus was on resuscitation from cardiac events, advances in prehospital care for the injured soon followed. As a result, Harborview became known as the regional referral center for emergency care especially for the seriously injured patient.
In 1973, Dr G Tom Shires was recruited as the chair of surgery at the University of Washington, and Drs James Carrico and Peter Canizaro became the co-chiefs of surgery at Harborview. Their interest in trauma care led to the development of Harborview as the premier trauma center for the region for both adults and children. In 1974, Dr P William Curreri became the director of the new regional burn center at Harborview. Harborview continued to expand its facilities with expanded operating room (OR), emergency room (ER), intensive care unit (ICU), and clinic space opening in both 1997 and 2008, with a current licensed bed capacity of 413 beds, of which 98 are critical care beds. In 1994, Ronald V Maier, MD, became the Chief of Surgery, a role he continues to hold to this day. Under Dr Maier's leadership, the Division of Trauma and Burn Surgery has grown to 12 full-time general surgery faculty with an average of $2 million per year in research funding. The general surgery service has always functioned as an acute care surgery (ACS) service covering all general surgical emergencies as well as running an elective practice in addition to trauma care. This model is important to maintain surgical skills as blunt trauma has become increasingly nonoperative for general surgeons. All ACS faculty are also board-certified in surgical critical care and attend in the trauma/surgical ICU. Harborview Medical Center also had a cadre of dedicated subspecialty surgical faculty, including thoracic surgery, vascular surgery, plastic surgery, neurosurgery, orthopedics, urology, gynecology, otolaryngology, oral maxillofacial surgery, and integrated services for spine and hand surgery. These services have multiple fellowships for advanced trauma care and contribute to the robust research environment.
Another advantage of the development of the University of Washington Department of Surgery at both Harborview and the University Hospital is that it has allowed separation of the major surgical programs between the two hospitals. Trauma and burn care are provided solely at Harborview, whereas transplantation and elective cardiac surgery are provided solely at the University Hospital. Many other University of Washington surgical specialties have followed this approach. The result is that the OR and ICU capacity at Harborview can focus extra time and resources on all aspects of trauma and emergency surgical care. The regionalization of care established by the trauma system has been extended to a wide variety of surgical emergencies, such as necrotizing soft tissue infections, ruptured abdominal aortic aneurysms, spontaneous intracranial hemorrhage, etc. In the current climate of increasing competition and the economic pressures facing safety net hospitals, the broad clinical spectrum of emergent and elective surgical care ensures the resilience and sustainability of the institution.
HIstory of seAttle MedIc one And developMent of eMergency MedIcAl servIces (eMs)
In the late 1960s Harborview physicians recognized the need for more rapid intervention for patients suffering from cardiac events. Dr Leonard Cobb, a cardiologist, approached Seattle Fire Chief Gordon F Vickery about a pilot program to improve the medical training for Seattle firefighters and organize an approach to medical emergencies. System needs to engage the continuum of trauma care Set standards and designation requirements for prehospital agencies, acute care hospitals, and rehabilitation centers Make injury prevention activities a priority in the regions System needs to be inclusive to allow access to care in rural regions Designation of adult facilities levels I through V Pediatric centers levels I to III, IV, and V centers designed for stabilization and transfer
Trauma care personnel are the most valued trauma care resource Financial support needs to be provided to the regions to implement a comprehensive trauma care education plan Flexibility is needed in implementation to meet the varying needs across the state Use existing EMS regions to establish regional implementation plans to be approved by the DOH and EMS and Trauma Steering Committee
All providers and organizations need representation in the governance of the system Establish an EMS and Trauma Steering Committee with all stakeholders at the table and the DOH as the lead agency
Continuous system and quality improvement needs to be based on high-quality data Establish a statewide trauma registry with mandatory reporting by all designated facilities Establish regional QI committees with protection from discovery for QI activities Distribution of trauma centers and prehospital agencies should be based on defined population need Each region will establish minimum and maximum numbers for designation of each level of trauma center, and for prehospital agencies modifications to min/max numbers need to be justified by population need
The system needs dedicated trauma system funding to maintain operations and address gaps in reimbursement of undercompensated care
Create and allocate a source of funding for a dedicated trauma system fund DOH, Department of Health; EMS, emergency medical service, QI, quality improvement.
In 1975 the Medic One program expanded to include training of paramedics from all agencies in King County with recognized certification as Mobile Intensive Care Paramedics by the Washington State DOH. Dr Michael Copass, Medical Director of Harborview emergency services, served as the medical program director and director of Medic One paramedic training for over 30 years. Dr Copass is known for his exacting standards for highquality patient care and professionalism. This training program is now one of the most comprehensive programs in the country and is highly competitive. Eligible candidates must have at least 3 years of firefighter/Emergency Medical Technician (EMT) experience and are sponsored by their EMS agency. Medic One paramedic students receive 2000 hours of instruction, which includes classroom work, clinical training in the Harborview ER and OR, and supervised field training by senior paramedics. The result is over 700 patient contact hours, which is three times the national standards.
The system was designed as a tiered response with trained dispatcher triage. Immediate response to critical events involves the local fire service with all firefighters trained at the basic EMT level and prepared to intervene with immediate initiation of cardiopulmonary resuscitation (CPR) and defibrillation when indicated. The average response time is 3 to 4 minutes followed by paramedic unit, staffed with two paramedics to provide additional advanced life support care. A public campaign known as Medic Two was also initiated to focus on citizen CPR training, which has resulted in over 50% of King County residents completing this certification. The results of this program have consistently demonstrated the highest cardiac arrest resuscitation rates in the USA. In 1974, Morley Safer reported a story on 60 minutes where he was quoted as saying "If you are going to have a heart attack, have it in Seattle."
From the beginning, the Medic One program has been focused on ongoing quality improvement efforts and research to improve prehospital care. Many of the seminal studies developing out of hospital resuscitation for cardiac arrest were conducted by Harborview investigators in collaboration with Medic One. While much of the country was wrestling with the scope of practice of EMS providers, Seattle Medic One research documented a 98.4% success rate with prehospital intubation including the use of neuromuscular blockade. 3 Continuing education and skills training are provided in the Harborview ORs. From 2004 to 2017 the Medic One programs throughout King County were actively involved in the Resuscitation Outcomes Consortium, an National Institutes of Health (NIH)-funded clinical trials network to advance prehospital research in cardiac arrest and life-threatening trauma. The Medic One Foundation also issues annual grant awards to local investigators to conduct studies to improve prehospital care. The early success of the Medic One programs and the tight integration with Harborview Medical Center physicians were instrumental in the subsequent development of the statewide trauma system and laid the foundation for Harborview as the primary referral center for major trauma in the region.
Dr Michael Copass is also credited with establishing Airlift Northwest (ALNW)
developMent of tHe wAsHIngton stAte trAuMA systeM
In the 1980s, the EMS Standards Committee of the WSMA, chaired by Lothar Pinkers, MD, a surgeon from Bellevue, Washington, and made up of EMS directors from across the state, began discussing the pros and cons of organized trauma care, including the selection of certain hospitals to care for the most seriously injured. A number of states and counties across the nation had established designated trauma care centers, and a growing body of data showed the value of such organizations, at least in urban settings. At the same time, there were two counties in Washington State (Pierce and Walla Walla) that attempted to organize and designate hospital-based trauma care on the county Open Access figure 2 Eight emergency medical service regions in Washington State that were used to establish the regional council structure for the state trauma system. level. In Walla Walla this effort was challenged legally, and it was determined that for a county to select designated trauma services would be violation of Anti-Trust laws, but that the state did have the authority to make such designations.
As a consequence of these events and with the advice of the EMS Standards Committee of the WSMA, the state office of EMS convened an Ad Hoc Workgroup including leaders of the EMS and the broader healthcare community to study the question of whether Washington State needed an organized trauma care system extending into the hospital setting. This workgroup included representatives of WSMA, the Washington State Hospital Association, American College of Surgeons, American College of Emergency Physicians, Fire Chiefs Association, Council of Fire Fighters, Washington State Ambulance Association, Emergency Nurses Association, law enforcement agencies, and others involved in the care of seriously injured people in the state. The committee was chaired by Dr Marvin Wayne. The state also hired a consultant to conduct a review of other state/county trauma care systems and perform a data analysis of the need for trauma care in Washington State. This was completed in late 1987. At the same time, a leader on healthcare issues in the Washington State legislature, Representative Dennis Braddock, decided to introduce a bill that would call for the planning and establishment of a trauma care system for Washington State. The information collected by and the recommendations of the Ad Hoc Workgroup were used to formulate this bill as a formal study and planning effort to define the need for and a proposed implementation model for a statewide system. This bill was passed into law as the Trauma Care Study Act of 1988 and called for the appointment by the Governor of a formal Trauma Care Steering Committee, chaired by Dr Jim Nania from Spokane, Washington. The committee was given the task of conducting a study of trauma care in Washington, developing a comprehensive trauma system plan and reporting recommendations to the Governor and legislature in January 1990, along with proposed implementation legislation. 4 5 The Steering Committee again included representatives of all the key EMS and trauma care provider groups in the state, statewide geographic representation and public representation. In addition to the committee, over 100 other interested experts within the state volunteered to participate in one of five technical advisory committees: data, prehospital, hospital, pediatric, and cost and public policy. The bill established a Trauma Trust Account funded for 2 years from the Public Safety and Education Account. This 2-year project provided the opportunity to assess current level of trauma care in the state, identify needs, and develop solutions to improve outcomes of seriously injured patients in Washington. It also provided a forum to consider and address concerns by the provider community through an inclusive process of system development. Surveys of resources and opinions of all levels of EMS and trauma care were conducted. In addition, a prospective patient tracking study was conducted. This study was unique in that it set up prospective data collection for injured patients starting at the time of injury and extending through rehabilitation. Participation was voluntary, but approximately 85% of hospitals with an ED and nearly all licensed ambulance companies in the state agreed to participate. All patients meeting the prehospital trauma center triage criteria as described by the American College of Surgeons who were subsequently admitted to a hospital were included. Information on over 4000 patients was collected in 1 year. These data provided valuable information to identify the distribution of injured patients in the state and the current access to care and outcomes. These data identified significant disparities across the state in trauma care and outcomes especially in rural areas. Costs of system development and implementation were also reviewed. A five-volume report was generated for the Washington State legislature by the committee. This report designed a comprehensive EMS and trauma care system model and provided extensive specific recommendations regarding its implementation. 6 The guiding principles defined by this committee and recommendations for system design are listed in table 1.
The 1990 Trauma Care Systems Act, which was passed unanimously, set into law these recommendations and established a permanent Governor's EMS and Trauma Steering Committee, which was initially chaired by Dr Nania. The system was integrated into the existing EMS System, which included regulation of EMS services and personnel, EMS training, and systems development through eight regional EMS councils (figure 2). It called for a comprehensive integrated systems approach to trauma care following the continuum of care. The system components include injury prevention, prehospital EMS and trauma care, hospital trauma care, and trauma rehabilitation. It established the Washington State DOH as the lead agency, authorized to verify prehospital trauma care services, establish trauma triage criteria, designate five levels of adult and three levels of pediatric trauma care services, and for the first time in the nation to designate trauma rehabilitation services. The eight EMS regional councils were expanded to require representation of hospital providers, public health, law enforcement, and the public, as well as prehospital care providers. The regional councils were tasked with creating the specific plans for level and distribution of prehospital and hospital trauma services, implementation of training and prevention programs, and establishing patient care procedures identifying the who, what, and where of system implementation according to the triage criteria. Healthcare personnel were identified as the most abundant and valued trauma care resource in the state, and so 40% of budgetary expenses were designated to provide trauma education in the regions. This included mobile training groups to reach the rural facilities and funds to offset the costs for physicians to attend the Advanced Trauma Life Support programs. Grants funds were identified for the regions to complete their new duties and provide continued support for EMS development in the communities. The law established a trauma care registry in the DOH and created regional quality improvement committees, with broad confidentiality protections, within each of the eight EMS and trauma care regions. In 1990, the work of implementing this comprehensive system became the challenge of the DOH, the expanded Governor's EMS and Trauma Care Steering Committee, and the regional councils. The regions were required to identify level and distribution of prehospital care providers, minimum and maximum numbers of designated trauma services, complete plans, and begin injury prevention and trauma training programs between July 1990 and 1992. The DOH was required to complete rules development to include standards for verification and designation, trauma registry implementation, and regional quality improvement (QI), and to identify the minimum and maximum numbers of prehospital verified services and hospital designated services by 1992. The Steering Committee and DOH determined that the level I trauma service distribution would be determined Open Access based on statewide needs and that levels II to V be based on approved regional plans defining regional needs. In July 1993, the designation process was required to begin. In December 1993, Harborview Medical Center was designated as the only level I trauma service in Washington State. This decision was based on the state population need and the desire to maintain a high-volume academic center focused on advancing the care of injured patients. The central region, which encompasses King County, Washington, and includes Harborview Medical Center, recommended not to designate any competing level IIs in the region and focus on the distribution of level III and IV centers. Figure 3 shows the current distribution of trauma centers in the central region. Designation for levels II through V was begun on a region-by-region basis, with the Southwest Region the first region to complete designation in January 1994.
In the meantime, the final recommendation of the 1990 Report to the Legislature, funding for Uncompensated Trauma Care, remained an item for legislative consideration. The 1990 law required DOH to conduct a study of cost and reimbursement of trauma care in Washington State. Arthur Anderson, a financial consulting firm, was hired to conduct this study of costs compared with reimbursement for hospitals, physicians and prehospital care providers. The result of this report, which forecasted unreimbursed costs of about $28 million in 1993 dollars, went to the legislature in the summer of 1992 for consideration in the 1993 legislative session.
In 1993 the Washington State Health Care Reform Act, which was intended to provide universal healthcare coverage, was passed. This was expected to include all the needs for unreimbursed care of trauma patients. The next 2 years were devoted to working to assure that the rules developed for implementing this law would provide adequately for trauma care and accommodate a systems approach to trauma patient distribution that got 'the right patient to the right place in the right amount of time'. Then in 1995 the legislature repealed much of the Health Care Reform Act, including universal coverage.
The first full round of designation of trauma care services was completed in 1995 and the system was declared 'turn key', meaning that prehospital care services were required to deliver patients who met the triage criteria to the closest appropriate trauma care services within 30 minutes, according the regional patient care procedures. With the loss of universal coverage, trauma services in Washington were unsure how they would provide the care they 'signed up for' and the hospitals in Tacoma refused to participate in the designation process, sending their major trauma patients to Harborview for care until there could be a solution to the funding issue. 7 In 1996, the legislature provided a limited stop gap funding of $4.6 million from the state general fund to assist in covering the costs of medically indigent patients who were severely injured. In 1997, the Trauma Care Fund Act was passed providing dedicated funding from an administrative charge on vehicle purchases and a surcharge on moving violations into the Trauma Trust Account, which had been established in the 1988 legislation. In January 1998, the state began collecting revenue for the Trauma Care Fund, and today it collects approximately $24 million/biennium. The legislature has provided federal appropriation to match funds allocated through the state Medicaid plans to provide enhanced reimbursement for trauma care for patients in this program. This adds approximately $15 million/biennium to the funding for the system. In addition, the DOH provides participation grants to all verified prehospital services and designated hospital and rehabilitation services, and supports the medical program directors for EMS agencies.
The current system includes 80 designated trauma centers for adults (1 level I, 6 level II, 24 level III, 36 level IV, and 13 level V centers), 9 designated centers for pediatrics (1 level I, 2 level II, and 6 level III), and 15 designated rehabilitation centers (3 level I adult, 2 level I pediatric, and 10 level II adult). 8 The distribution of the acute care centers is shown in figure 4 . The designation criteria are based on the ACS Optimal Resource Guide for Trauma Care, but the verification and designation processes are both managed by the state DOH. Out-of-state reviewers are used for all level I and II verification visits. With the current system coverage, it is estimated that 80% of the state population are within 1 hour of a level I or II center by air or ground transport. There have been efforts to support an additional level II center in the central portion of the state, but this has been challenged by gaps in neurosurgical coverage. This model of trauma system development is now being used to develop a comprehensive statewide system for management of acute cardiac events and stroke care. In 2010 legislation was passed to create an emergency cardiac and stroke system, and the management of this system falls under the existing EMS and Trauma Steering Committee, which has been expanded to include representatives from the cardiology and neurology community (table 2) .
lessons leArned
The process of developing the Medic One programs and Washington State trauma system has generated valuable lessons in how to establish a high-quality, inclusive approach to injury care with structured, appropriate regionalization in high-volume centers with comprehensive services. Many states are currently challenged in defining the appropriate distribution of trauma centers to ensure access while not diluting patient volume and experience from major academic centers, or driving excessive, expensive resource utilization. The process used to develop the Washington State system and the role of Harborview Medical Center may serve as an example of how to strike this balance. A summary of the lessons learned through this approach includes the following: ► Trauma system planning should be based on comprehensive data collection including an objective assessment of the burden of injury across the state/region, current hospital and subspecialty resources, current referral patterns, clinical outcomes of existing centers, prehospital transportation resources, and geographic constraints to access to care. ► An inclusive approach to designation of rural centers improves provider education, access to initial care, and a structured approach to triage and transfer. ► A lead agency at the state level needs to be identified and governance of the system should be multidisciplinary and involve all relevant stakeholders in both rural and urban and across the continuum of care. ► A regional structure should be established to allow for flexibility in local planning, local education of providers, ongoing regional quality improvement activities, and implementation of injury prevention activities. ► Decisions regarding number and distribution of trauma centers and prehospital resources should be based on population need, and changes should be justified by defined metrics. ► Level I and II centers should be regional referral centers with a goal to concentrate severe injuries in high-volume centers with concentrated expertise and resources. Maintaining limited, high-volume level I centers provides excellent patient outcomes and opportunities to optimize educational and research programs to advance trauma care. ► Integration with the EMS system is vital to ensure consistent triage and standardized prehospital care for injured patients. A mechanism needs to be in place for joint quality improvement activities. ► The continuum of care should be included in system planning such as designation of rehabilitation centers and prehospital trauma agencies and aeromedical resources. ► A statewide trauma registry is critical for ongoing system refinement and QI. Data reporting to the registry must be mandatory for all centers. ► Sustainable system funding is vital to support system participation by all stakeholders and offset the costs of uncompensated and undercompensated care. ► Integration of paramedic training and skill maintenance in major trauma centers provides high-quality EMS training and fosters collaboration for research and advances in patient care. ► Segregation of major surgical programs between hospitals within an academic medical center allows for focused allocation of resources and minimizes competition for OR time and other critical resources. ► Safety net, trauma center resilience, and sustainability are enhanced by a broad-based clinical mission, which includes other surgical emergencies and subspecialty elective care. ► The model of trauma system development and regionalization can be extended to other time-sensitive diseases, such as ruptured abdominal aortic aneurysms, acute coronary events, and stroke care.
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